Diabetes mellitus is a chronic progressive disease that cannot be effectively controlled with single therapy and diabetic patients struggle to maintain the recommended blood glucose control. This increases the risk for many complications such as macro and micro vascular diseases, neuropathy Retinopathy, and diabetic foot. Honey has been used to prevent and treat many diseases. The mechanisms behind its biological and pharmacological role are still not clearly understood, however, some studies reported that Honey has antimicrobial, antioxidant, and immune stimulation actions. The aim of this article was to review the published articles about the antidiabetic properties of honey with their mechanisms. The findings showed that low glyceamic index honey can act as hypoglyceamic agent and delay or prevents the progression of the diabetic outcomes. However further studies to standardize the use of honey among patients with Diabetes mellitus are need.
Introduction
Diabetes mellitus (DM) is one of the most common endocrine disorder that manifested by abnormal metabolism of glucose and lipids as a result of direct or indirect insulin action and/or secretion. (Pontiroli, 2004) DM is characterized by pancreatic morphological defect associated with high blood glucose, lipid and many other organs defect due to progressive metabolic derangement (Soret et al., 1974; Lencioni et al., 2008) .
Intensive hyperglyceamia therapies are highly needed to control the glyceamic and lipidemic changes and to delay or prevent the Diabetic complications such as stroke, diabetic foot, retinopathy nephropathy and neuropathy (Folli et al., 2011) .
Unfortunately, DM is a chronic progressive disorder which cannot be efficiently controlled with single therapy (Group 1995b; Yale et al., 2001) . Diabetic patients have difficulty in maintaining and/or achieving the recommended blood glucose control. This increases the risks for many complications (Group 1995a; Group 2012) . Furthermore, oxidative stress is contributed significantly in the pathophysiological mechanisms of diabetes. Depleted levels of antioxidant enzymes with excessive production of reactive oxygen species and high levels of oxidative stress have been demonstrated in many Diabetic clinical and experimental studies (Turk et al., 2002; Al-Hariri et al., 2011) .
There is an increasing advocacy of natural products in the treatment of DM and its complications, as the use of chemical drugs are not curative and costly (Al-Hariri, 2011 ).
The promising findings of honey in many clinical and experimental trials have attracted scientist attention as an alternative medicine for DM and it has been reevaluated in a more scientific settings (Abdulrhman et al., 2013; Erejuwa et al., 2016) .
Honey produced from the plant's exudation and nectar by the bees (Alvarez-Suarez et al., 2010) .
These days, honey believed to be medicine and nutrition. In the modern medicine this message, has been considered as conventional pharmaceutical approaches by the general public. Accordingly, a new branch of alternative medicine has been developed called Apitherapy that uses honey bee products including honey, propolis, bee bread, bee venom, royal jelly and pollen in the treatment and prevention of diseases (Ghosh & Playford, 2003) . Scientific finding indicated that honey has been used for the treatment of many diseases such as urinary, respiratory and gastrointestinal (Zaghloul et al., 2001 ) and in local diseases such wounds (Al-Hariri, 2013) , psoriasis (Al-Waili, 2003) , radiation mucositis (Moolenaar et al., 2006) , eczema, dermatitis and diaper (Al-Waili 2003 , 2005 . Summarizing of biological and functional properties of honey shown in Table 1 . This is a review of scientific studies that highlight the antidiabetic properties of using honey in DM.
Materials and Methods
A systematic approach was taken to identify scientific articles that studied the antidiabetic properties of honey in diabetes mellitus. I searched CAM-PubMed, MEDLINE, Cochrane Library Database, google scholar and OLDMEDLINE published in the English language between 1970 to 2017 using the MeSH terms honey, alternative therapies, hypoglyceamic, antioxidant, hypolipidemic and Apitherapy each crossed with the term diabetes mellitus including clinical and experimental studies.
Results and Discussion

Composition of Honey
Honey is very rich natural compound produced by bees from nectar "sugar rich liquid produced by flowers and plants" after modifying, adding and storing in the honeycombs (Manyi-Loh et al., 2011) . Previous published studies have identified 200 compounds of honey including vitamins, minerals complex, mixture of saccharides, enzymes, proteins, amino acid, peptides, polyphenols, organic acids and carotenoid (Gheldof et al., 2002; Sato & Miyata, 2000) .
There are different types of honey available based on the flower from which bees gather the nectar (Bogdanov, 2009).
The carbohydrates are the main ingredient of honey (95%). The main sugar is monosaccharaides (glucose or/and fructose). Moreover, honey contains many other compounds such as vitamins, proteins, amino acids and organic acids (Bogdanov et al., 2008) . The second important component of honey is water. Its concentration depends mainly on treatment of honey during extraction and storage, nectar conditions, humidity inside the hive and weather (Molan 2001) . Honey also contains minerals (sodium potassium and calcium) and trace minerals (manganese, zinc, copper and iron) that are essential for many physiological mechanisms and catalysts various metabolic reactions, which indicate that honey contributes significantly on nutritional value and prevention or healing of illness (McKee, 2003) . Choline is other vital compound of honey which showed many important biological properties essential for the brain function and other system such as cardiovascular as well as for cellular membrane repair and composition (Bogdanov et al., 2008) . Honey has very strong antioxidant compound known as Aroma. This compound differs with geographical and botanical origin. It has been reported that Aroma contains 500 volatile compounds were found in different types of honey (Bogdanov et al., 2004) .
Phytochemicals compounds of honey such as flavonoids, phlobtannins, terpenoids, alkaloids, phenols, saponins, tannins and glycosides, are now recognized to have a positive health effects (Liu, 2004) . Bees that fed on valuable herbals extracts has shown many beneficial medicinal activities than normal honey (Rosenblat et al., 1997) .
Polyphenols are the largest phytochemical antioxidant compounds (Tomás-Barberán et al., 2001 ), but when honey stored for log time or treated with mild heat, a compositional change can occur due to decomposition of fructose and caramelization of the carbohydrates contents of honey (Villamiel et al., 2001) .
Antidiabetic Properties
There are different proposed mechanisms summarized the antidiabetic properties of honey showed in Figure 1 .
The impact of sweets on health is assessed by the calculation of how the sweets containing foods affect the level of blood sugar. Today, the sweets containing foods are often rated in terms of the glyceamic index.
Sweet containing food with a low glyceamic index induces a little change in blood glucose, while that with a high glyceamic index cause blood glucose to swings (Brand-Miller et al., 2003) . According to the international table of glyceamic index "diets with glyceamic index of 0.55 or less are considered low glyceamic index diets and the glyceamic index of eleven types of honey was 0.55 (±0.05)" (Foster-Powell et al., 2002) . Many studies, reported that, consumption of high glyceamic index food is a significant risk factor for diabetic patient (Liu et al., 2001 ). Fortunately, it was found that some types of honey (such as yellow box and acacia) with relatively high concentration of monosaccharide (fructose) have a lower glyceamic index (Ischayek & Kern, 2006) , that might be make low glyceamic index honey a very useful alternative sweeteners (Ludwig, 2000) , plus it's benefits with respect to diabetes and/or its complications (Jenkins et al., 2002) .
Because of its nutritional values, consumption of low glyceamic index honey might have many pharmacological and biological properties and could be consumed by patients with diabetes mellitus. It has been reported significant reduction plasma glucose level induced by honey (Al-Waili, 2003 ) with significant increase in insulin secretion (Al-Waili, 2004 ). An experimental study in normal rats, showed significant reduction in glycated hemoglobin with honey supplementation (Chepulis & Starkey, 2008) .
Figure 1. Antidiabetic Properties of Honey
Honey was efficacious and well tolerated by diabetic patients (Katsilambros et al., 1988; Samanta et al., 1985) . Overall, consumption of 50 g honey of unspecified type by patients with diabetes resulted in minimal increases of blood glucose and insulin compared with the intake of the same amounts of sweets mixture resembling to honey (Al-Khalidi et al., 1980) . Chronic hyperglyceamia in diabetes, seen in experimental animal and human studies induces free radicals generation and oxidative stress, which deplete the activity of free radical scavenging enzymes (Tomás-Barberán et al., 2001; Telci et al., 2000) . The pancreatic b-cells are highly susceptible to oxidative stress and damage because they have low activity of scavenging enzymes, which are the first line of defense against the toxicity of oxidative insult (Lenzen 2008) . It is well known that glucose toxicity induces oxidative stress which is involved in b-cell dysfunction. Thus, antidiabetic properties of honey can protect against oxidative stress (Erejuwa et al., 2010b) . Erejuwa and his colleagues in 2010 recommended that good management of diabetes mellitus can be achieved by combing honey as antioxidant agent with antidiabetic drugs in the (Erejuwa et al., 2010b) .
Honey significantly decreased fructosamine levels providing additional metabolic benefits in diabetes mellitus not achieved with other hypoglyceamic agent (Erejuwa et al., 2011a) . Fructosamine is a modified protein by glucose. It can undergo oxidative cleavages result in generation of reactive oxygen species. Fructosamine was significantly elevated in diabetic rats and strongly associated with diabetes mellitus and/or its complications (Kennedy and Baynes 1984) . All these findings have been confirmed histologically, significant improvement in pancreatic islets with enhanced insulin secretion were observed diabetic rats treated with sweets (honey) (Erejuwa et al., 2010b) .
Studies have also shown that honey can helps in controlling some risk factors. It significantly controlled energy /food intake and body weight in rats (Chepulis, 2007) . Study has shown that leptin level in rats treated with honey was lower than in those given sucrose (Nemoseck et al., 2011) .
In addition to constituents, honey contains fructooligosaccharides which have prebiotic benefits (Chow, 2002; Sanz et al., 2005) . Different studies in obese subjects have been reviewed by Everad and Cani (2013) reported many physiological effects of prebiotic treatment on lipids, inflammatory markers and glucose level. Evidence suggests reduction in appetite, gut metabolic endotoxin producing bacteria, gut barrier dysfunction and low-grade inflammatory markers following prebiotic therapy in obese and Diabetic person (Everard & Cani, 2013) .
Numerous studies found that, deficiencies of trace-elements are frequently associated to problems with its absorption or chronic diseases. Significant alterations have found in the status of some micronutrients in diabetic patients and on the other hand, deficiency of some of these nutrients has been correlated with Diabetes mellitus and/or its outcomes (Bhanot et al., 1994; Zargar et al., 1998) .
Honey may mediate antidiabetic control and insulin secretion through its minerals constituents "such as Zinc, Manganese Copper, Selenium, Chromium, Calcium, Potassium, etc." (Bogdanov et al., 2008) . Clinical research reported that, early alterations of specific trace-elements may contribute to impaired insulin and glucose metabolism. Vice versa, diabetes mellitus is associated with disturbance of some trace elements (Zargar et al., 2002) .
Deficiencies of some trace-elements "Zinc, Chromium and Manganese" increase a person's risk for developing glucose intolerance and diabetic complications (Chen et al., 1995) . Zinc is directly involved in the synthesis, storage, secretion, as well as conformational integrity of insulin and that Zn assembles to a dimeric form for storage and secretion as crystalline insulin (Chausmer, 1998) . Lower level of Zinc may affect the pancreatic cells ability for the synthesis and secretion of insulin in patient with type-2 diabetes mellitus (DiSilvestro, 2000) .
Ingestion of low glyceamic index multifloral honey has given rise to a significant decrease in blood glucose (Soylu et al., 2016) , which makes consumption of honey suitable for diabetic patients, not only as nature's sweetener, but for its pharmacological properties too. However, since the chemical constituents in honey vary depending upon the botanical and geographical origins, cautious consumption by diabetic patients is recommended, especially when the glyceamic index of honey is unknown.
More recently, honey was found to have a significant inhibitory effect in vitro medium against alpha glucosidase and amylase enzymes. These enzymes are responsible for converting complex starch molecule in to sugar, a competitive inhibition of glucosidase and amylase enzymes by honey could help diabetic patient in glyceamic control at faster rates (Krishnasree & Ukkuru, 2017) .
Antioxidant and Hypolipidemic effects
Oxidation and hyperlipidemia are a major deteriorative factors in the genesis of diabetes mellitus or/and its complications (Simmons, 2012) . Both animal experimental and human studies, diabetes mellitus is associated with significant depleted of free radical scavenging activity and high oxidative stress due to the chronic hyperglyceamia (Turk et al., 2002) , which induced activation of many oxidative stress mechanisms play an essential role in the development of impaired insulin secretion and/or resistance as in type 2 and complications of both types of diabetes mellitus (Evans et al., 2003) .
Studies reported that, administered of honey alone or with conventional agents have demonstrated a novel antioxidant in the management of chronic diseases (Erejuwa et al., 2012; Erejuwa et al., 2011b) . Erejuwa and his team (2010) attributed the antidiabetic effect of honey to its antioxidant activities on the pancreatic cells against Streptozotocin-induced diabetic oxidative stress (Erejuwa et al., 2010a) . Al-Waili (2004) found that honey can improved lipid profile as well decreased triacylglycerol in patients with hypertriglyceridemia (Al-Waili 2004) . The ability of honey to modulate lipid and metabolic profile carries a potential role of using honey to reduce cardiovascular risk factors in diabetes mellitus. Yaghoobi (2008) recommended the consumption of honey to reduce diabetic complications such as cardiovascular, particularly in
